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We evaluated the noise suppression effects of carbon coated permalloy nanorod arrays in porous anodic aluminum oxide on coplanar
waveguide. The average diameter and length of the Permalloy nanorods was 500 nm and 10 nm, respectively. The power loss of the
Permalloy nanorods was 85% at 20 GHz (in stop-band frequency) which was higher than that of 0.5- m-thick NiZn-ferrite film (68%).
In the pass band frequency region at around 1 GHz, the signal attenuation of the Permalloy nanorod arrays was lower than that of the
NiZn-ferrite film.
Index Terms—Carbon nanotube, coplanar wave guide, nano rod, noise suppression.
I. INTRODUCTION
TO SUPPRESS the electromagnetic (EM) noise emissionon signal transmission lines, a radio frequency (RF) inte-
grated noise suppressor using the loss generation of ferromag-
netic metallic and ferrite thin films has been fabricated [1], [2].
To suppress the RF noise suppression in the electronic devices
and transmission line applications, the signal attenuation in the
passband frequency region must be minimized to enhance the
signal integrity without signal distortion. The eddy current loss
and the large magnetic permeable loss in stopband frequency re-
gion are required for the suppression of the EM noise harmonics
[3]. To reduce the insertion loss due to the eddy current loss in
the passband frequency region and increase the operating fre-
quency up to the range of a few gigahertz, magnetic nanorods
are one of good way to enhance the high frequency character-
istics due to the demagnetizing effects by high aspect ratio of
shape and the reduction of eddy current loss by the separation
of magnetic materials by insulator in the RF range. It can be
expected the electromagnetic compatibility (EMC) and electro-
magnetic interference (EMI) countermeasure for shielding ef-
fects in far field range and noise suppression effects in near filed
ranges, simultaneously, using the magnetic materials-filled in
carbon nanotube arrays. In this paper, we have evaluated the RF
EM noise suppression on a coplanar wave guide (CPW) using
a carbon-coated Permalloy nanorod arrays in anodic aluminum
oxide (AAO) and compared it to that of the previous reported
NiZn-ferrite film as reported by Kim, et al. [2].
II. EXPERIMENTAL PROCEDURE
A. Fabrication of Carbon-Coated Permalloy Nanorod Arrays
in Anodic Aluminum Oxide
To evaluate the effect of magnetic nanorods on RF noise sup-
pression, we prepared the samples according to the following
procedure. In a fabrication of an AAO porous array, the 500-nm-
thick Al/250-nm-thick Nb layer was sputtered on Si wafer and
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Fig. 1. Process of fabricating RF noise suppressor using carbon-coated NiFe
nanorods.
then the Al layer was anodized in H SO solution. The re-
sultant AAO layer on the wafer was subjected to propylene
chemical vapor deposition (800 C) for carbon deposition [4].
The Permalloy nanorods were formed by electrolytic plating in
the carbon-coated AAO porous layer using an aqueous solu-
tion of ferric sulfate, nickel sulfate, borous acid, and surfactants
with a current density of 10 mA/cm . After electrolytic plating
Permalloy, the Permalloy layer on top of the AAO template was
peeled off. The whole process is illustrated in Fig. 1. The struc-
ture and magnetic properties of the Permalloy nanorods were
observed by the scanning electron microscopy (SEM), trans-
mission electron microscopy (TEM), and the vibrating sample
magnetometer (VSM), respectively.
B. Preparation of CPW and Measurement of RF
Characteristics
RF noise suppressor was composed of a carbon-coated
Permalloy nanorod arrays/Cu transmission line/seed layer
(Cu/Ti)/glass substrate. CPW with characteristic impedance of
50 was designed and fabricated with 50 m width of signal
line and 3 m thickness on 7059 corning glass (permittivity,
) substrate as shown in Fig. 2(a). The Cu transmission
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Fig. 2. The cross-sectional view of CPW (a) and real image of measurement
(b) for RF noise suppression using a carbon-coated Permalloy nanorod arrays
on Si wafer with the size of 4 mm (l) 4 mm (w) 500 nm(t).
Fig. 3. (a) SEM image of the AAO porous array surface and (b) TEM image
of bundle of carbon nanotubes.
lines were deposited by electroplating method. To evaluate
the noise suppression, the carbon-coated Permalloy nanorod
arrays (4 mm 4 mm 500 nm) were placed on top of the
5 mm-long CPW. The electric performance was measured
with two ground-signal-ground (GSG) pins-type wafer probes
mechanically touched at the leftmost and rightmost ends of the
CPW using HP 8720D network analyzer from 0.1 GHz to 20
GHz as shown in Fig. 2(b).
III. RESULTS AND DISCUSSIONS
Fig. 3(a) shows the top view of the AAO template observed
by SEM. The hollows in AAO template had good uniformity
with the average diameter of about 20 nm and with about 13%
porosity. After removing the AAO layers, the bundles of the
carbon nanotubes were observed by TEM, which exhibited the
uniform length of about 500 nm as shown in Fig. 3(b). It ex-
hibits that the tubular type of carbons with an outer diameter of
nm were produced with the uniform lengths. The length
of the tubular samples corresponds to the thickness of the cor-
responding template Al layer. This finding shows that the tem-
plate technique makes it possible to precisely control nanotube
length at the nanometer level. These uniform, short nanotubes
were always produced in the form of bundles, because one end
of each nanotube was connected with thin carbon layer which
was deposited on the external surface of the AAO layer. The
O plasma treatment over the carbon-coated AAO layer allowed
one to remove only such external carbon layer and caused al-
most no damage to the carbon deposit on the inner channels of
Fig. 4. TEM image and diffraction pattern (left top side) of the carbon-coated
Permalloy nanorods.
Fig. 5. Hysteresis loops of a carbon-coated Permalloy nanorod arrays in
alumina template with the applied magnetic field to parallel and perpendicular
to the nanorod axis.
the AAO layer. The bundles of nanotubes were disassembled
by the plasma treatment and a subsequent HF washing. Fig. 4
shows TEM image of the separated individual nanotubes from
the bundles and the diffraction pattern observed at zone axis
[011] of a NiFe nanorod. As shown in the pattern, the crystal-
lized and textured NiFe was obtained. The template technique
enables one the precise control over the carbon nanotube length
at the nanometer level. Fig. 5 shows the normalized hysteresis
loops of a carbon coated Permalloy-filled in an alumina tem-
plate with the applied magnetic field to parallel and perpendic-
ular to the nanorod axis. This magnetic anisotropy originated
from the shape anisotropy of nanorods with high aspect ratios.
The saturation magnetization and magnetic anisotropy
field of the nanorods array are about 8.3 kG and 3 kOe.
The saturation magnetization was estimated using the measured
VSM data and the porosity of AAO template. The values of co-
ercivity for the easy and hard directions were about 1200
and 288 Oe, respectively. The squareness and the as-
pect ratio of Permalloy nanorod
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Fig. 6. (a) Signal attenuation, (b) reflection, and (c) power loss of the carbon
coated Permalloy nanorod arrays in comparison with those of NiZn ferrite film
and CPW.
were 0.84 and 50, respectively. The transmission signal attenu-
ation , reflection and power loss
of the carbon-coated Permalloy nanorod ar-
rays in comparison with those of NiZn-ferrite film and a CPW
are shown in Fig. 6. The Permalloy nanorods exhibit the low
signal attenuation (0.1 dB/mm) in comparison with that of the
NiZn ferrite film (0.2 dB/mm) in the passband frequency re-
gion at around 1 GHz. The power loss reached as high as 85%
(Permalloy nanorods) and 68% (NiZn-ferrite film), in the stop-
band frequency region over 10 GHz. To get good noise sup-
pression, the signal distortion due to the signal phase shift must
be minimized. Fig. 7 shows the phase shift of these films with
the change of frequency in comparison with that of CPW. The
phase shift of the Permalloy nanorods was smaller than that of
Fig. 7. The phase shift of the carbon-coated Permalloy nanorod arrays,
NiZn-ferrite film and CPW with the change of frequency.
the NiZn-ferrite film. These phase differences can be improved
by considering of the characteristic impedance with mag-
netic film and controlling the space between the CPW and the
magnetic film. Besides above conditions, additional studies are
necessary to establish in detail the effect of the RF noise sup-
pression using magnetic nanorods with changing aspect ratios
and porosity.
IV. CONCLUSION
The RF conduction noise suppressed by the carbon-coated
Permalloy nanorod arrays was estimated under near-field con-
ditions. The signal attenuations of the 500-nm-thick carbon-
coated Permalloy nanorods and 1.5- m-thick NiZn-ferrite film
were about dB/mm and dB/mm, and the power loss
was 85% and 68% at 20 GHz in the stopband frequency region
with the low power loss than that of NiZn-ferrite film in the pass-
band frequency region. It results from the reduction of the eddy
current loss and the enhancement of the high-frequency charac-
teristics due to the array of the isolated magnetic materials and
high aspect ratio of each Permalloy nanorods.
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